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(54) Fluid metering and spraying 

(67) An orifice and nozzle for the 
passage of fluid which may contain 
solid particulates as contaminants, 
Includes at least one opening (46) 
which Is rectangular In a cross- 
sectional plane perpendicular to the 
axis of the fluid flow. The rectangular 
opening has a ratio of minimum width 
(W) to minimum depth |D), or vice 
versa, of less than approximateiy 1 .5, 



and preferably 1 .0, and a ratio of the 
length (L) of the opening to the lesser 
of minimum width (W) and minimum 
depth (D) of the opening of less than 
approximately 2.0, and preferably 1 .0. 
The rectangular cross-section 
together with these ratios prevents 
plugging by the solid contaminants. 
The opening (46) is the Inlet to a swirl 
chamber (28) having a discharge 
orifice (26) greater in cross-section 
than the opening (46). 
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SPECIFICATION 

Fluid metering and spraying 

The present invention relates to fluid metering 
and spraying and, more particularly, to orifices for 
5 thie passage of fluid which may contain solid 
. particulate contaminants and nozzles and 
methods for metering and dispensing such fluids 
all of which preclude plugging by the 
contaminants. 

10 In United States Patent No, 3,672,578 of Alex 
Wayne, a fluid nozzle is disclosed in which fluid is 
caused to flow through an elongate passage from 
which it is injected into a chamber prior to 
discharge from the discharge orifice of the nozzle. 

1 5 The elongate passage is angulariy disposed to 
cause the fluid to enter the pre-discharge chamber 
in a swiriing fashion. The elongate passage not 
only imparts a swiriing motion to the fluid in this 
chamber and upon discharge from the nozzle, but 

20 also constitutes an orifice which meters the 
quantity of fluid discharged from the nozzle and, 
thereby, determines the capacity of the nozzle. 

Nozzles such as disclosed In the 
aforementioned patent have found wide 

25 application as fuel oil burner nozzles for the 
injection of the fuel oil in metered quantities into 
oil furnaces. These nozzles operate quite 
satisfactorily where the flow rate through the 
nozzles is substantial, particularly where the fuel 

30 oil which is being passed through the nozzle has 
been filtered to remove solid particulate 
contaminants to the extent that this is possible. 
However, an increasing demand exists today for 
fuel oil burner nozzles of substantially lower flow 

35 rates or capacities than have been generally used 
in the past due to the increased usage of fuel 
conserving structural techniques and increased 
fuel prices. Moreover, there is a continuing need 
for such low flow rate nozzles for the heating of 

40 small volume residences, such as mobile homes 
and the like. 

Nozzles such as disclosed in the 
aforementioned patent have been found to be 
unsatisfactory in such low flow rate applications, 

45 for example where the flow rate does not exceed 
0.4 — 0.5 gallon per hour at 1 00 psi of No. 2 fuel 
oil. The reason is that even though filters, such as 
sintered filters, are available for removing the 
major portion of the solid contaminants in the fuel 

50 oil entering the nozzles, such filters still can not 
. remove all of the extremely fine solid particulate 
contaminants in the micron size ranges. These fine 
contaminants do not present a problern in the high 
. flow rate nozzles where the metering passages or 

55 orifices are larger because these fine 

contaminants easily pass through these orifices. 
However, where the size of the metering passages 
or orifices are necessarily reduced to obtain the 
lower fuel oil flow rates and capacities, these fine 

60 contaminants which pass through the filter 
become lodged in the metering passages or 
orifices and quickly cause them to plug so as to 
render the nozzle inoperative. 

It has been discovered in the present Invention 
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65 that the metering orifices or passages in such low 
flow rate nozzles may be reduced in size to 
achieve flow rates at or below 0.4 — 0.5 gallon per 
hour if they are configured in a certain manner as 
herein described and that, if they are so 

70 configured, they are not plugged by fine 

contaminants. Indeed, if has been found that by 
practising the principles of the present invention, 
flow rates of as low as 0.25 gallon per hour at 
1 00 psi with No. 2 fuel oil may be readily obtained 

75 without plugging and inoperability of the fuel oil 
nozzles. These low flow rates may be obtained at a 
minimum of manufacturing and maintenance 
expense. 

In one principal aspect of the present invention, 

80 an orifice for the passage of fluid which may 
contain solid particulates includes an opening 
which is substantially rectangular in a cross- 
section plane perpendicular to the axis of the fluid 
flow therethrough. The opening has a ratio of 

85 minimum width to minimum depth, or vice versa, 
of less than approximately 1.5, and preferably 
approximately 1 .0, and a ratio of the length of the 
opening to the lesser of minimum width and 
minimum depth of the opening of less than 

90 approximately 2.0, and preferably 
approximately 1.0. 

In another principal aspect of the present 
invention, a fluid nozzle having a discharge orifice, 
a chamber for swiriing fluid upstream of the 

95 discharge orifice, and second orifice means for 
introducing the fluid into the chamber and for 
imparting swiri to the fluid includes the 
improvement in which the second orifice means 
includes at least one opening which is smaller in 
1 00 cross-section than the discharge orifice and which 
is substantially rectangular in a cross-sectional 
plane perpendicular to the axis of the fluid flow 
through the opening. The opening has a ratio of 
minimum width to minimum depth, or vice versa, 
105 of less than approximately 1 .5, and preferably 
approximately 1 .0. 

In still another aspect of the invention, a 
method of metering fluid which may contain solid 
particulates includes passing the fluid through an 
110 orifice having at least one opening as defined 
above. 

These and other features and advantages of the 
present invention will be more clearly understood 
through a consideration of the following detailed 
115 description, in the course of which reference will 
frequently be made to the attached drawing 
which: 

Fig. 1 is a cross-sectioned side elevation view 
of a preferred embodiment of fluid nozzle 
1 20 constructed in accordance with the principles of 
the invention; 

Fig. 2 is a cross-sectioned and elevation view of 
the nozzle taken substantially along line 2 — 2 of 
Fig. 1 ; * 

1 25 Fig. 3 is an end elevation view of the fluid 
distributor of the nozzle shown in Fig. 1 and 
showing the metering orifices of the invention; 

Fig. 4 is a broken side elevation view of the fluid 
distributor shown in Fig. 3 and showing one of the 
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metering orifices of the invention; 

Fig. 5 Is a perspective view of the distributor tip 
also showing the metering orifices; and 

Fig. 6 is a cross-sectional end elevation view 
6 showing a metering orifice or opening in cross- 
section as viewed substantially along line 6 — 6 of 
Fig. 1 . 

A nozzle which is constructed to embody the 
present invention is shown In the drawing. The 

10 nozzle generally includes a nozzle body 10 having 
an elongate passage 1 2 therein which is open at 
both ends for receiving an orifice disc 14, a fluid 
distributor 1 6, a distributor retainer 1 8, and an 
orifice or distributor retaining member 20 which is 

1 5 threaded into the end of the passage 1 2 for 

maintaining the various components positioned in 
place of the nozzle body. 

The orifice disc 1 4 is preferably stepped at 22 
to co-operate with a corresponding annular 

20 shoulder 24 as shown in Fig. 1 which is formed at 
one end of the nozzle body to maintain the disc 
firmly positioned at that end of the nozzle body in 
the body passage 1 2. A conventional spray or 
discharge orifice 26 is formed in the disc and 

25 communicates between the extemai face of the 
orifice disc and a tapered swirl chamber 28 in the 
orifice disc in the opposite face of the disc 
upstream of orifice 26 and adjacent to end 30 of 
the passage 1 2. 

30 The fluid distributor 1 6 is. provided with a head 
32 at one end thereof. The head 32 preferably 
includes two portions, a larger diameter portion 
34 and a smaller diameter tip portion 36. The 
leading end of the larger diameter portion 32 is 

35 chamfered or tapered at 38 and the leading end of 
the tip portion 36 is, likewise, chamfered or 
tapered at 40 to complement and closely fit 
against the wall of the tapered swiri chamber 28 
in the disc. One way to insure that the chamfers 

40 38 and 40 complement each other is to first 
machine the head 32 to the frusto-conical shape 
shown in Patent No. 3,672,578, and then* cut 
away a portion of the head to define the larger 
diameter and tip portions 34 and 36 shown in 

45 Fig. 1. 

One or more passages or grooves 42 are also 
preferably machined Into the forward chamber 38 
of the larger diameter portion 34. These grooves 
communicate fluid between the passage end 30 

50 and space 44 between the chamfers 38 and 40. 
The size and number of grooves 42 are not critical 
to the present invention. They are sufficiently large 
to insure the free flow of fluid into the space 44 to 
keep it filled without the danger of plugging of the 

55 passages or grooves 42 from contaminants. These 
passages or grooves 42, together with the tapered 
wall of chamber 28 of the orifice disc 1 4, form 
elongate passages or openings for communicating 
the fluid to the space 44. 

60 At least one, and preferably two angled fluid 
flow passages or grooves 46 are also machine cut 
in the chamfer 40 of the tip portion 36. It is these 
angled passages 46 which constitute an Important 
feature of the present invention as will be 

65 described in more detail later. Like passages 38, 



angled passages 46, together with the tapered 
walls of swiri chamber 28 of the orifice disc 1 4 
also form elongate orifices or openings which 
communicate between the space 44 and the swiri 
70 chamber just upstream of the discharge orifice 26. 
The other end. of the fluid distributor 1 6 is 
preferably provided with a smaller head 48 which 
Is received in axially extending recess 50 in the ' 
distributor retainer 1 8, as shown in Fig. 1 . The 
75 retainer 1 8 is preferably formed in a cross-section 
having arms 52 which extend axially of the 
passage 12 and diametrically span the distance 
between the internal surface 54 of passage 12, but 
allow the passage of fluid which is to be sprayed 
80 along the retainer, as shown in Figs. 1 and 2, 
through channels 56 to the grooved passages 42 
in the head 32 of the distributor. An annular lip 58 
Is preferably formed on the end of the distributor 
retainer 1 8 adjacent the head 32 which butts 
85 against the rear of the larger diameter portion 34 
as shown in Fig. 1 to firmly retain the fluid 
distributor in place against disc 1 4. 

In order to secure the disc 1 4, a distributor 1 6 
and distributor retainer 1 8 in place in passage 12, 
90 the internal surface 54 of the passage is internally 
threaded at 60, as shown in Fig. 1 , over a portion 
of its length and a retaining member 20, which is 
externally threaded over at least a portion of its 
length 62, is threaded into the end of the passage 
95 12 until it butts against the end of the distributor 
retainer 1 8. As shown In Fig. 1 , the distributor 
retainer 20 may take the form of a filter nipple 
upon which a suitable filter or strainer 64 is 
mounted on the extemai end thereof for filtering 

1 00 the fluid prior to its entry into the nozzle body. 
Nozzle body 10 may also be threaded externally at 
66 for the coupling of a suitable fluid conduit (not 
shown). A filter of the ceramic or sintered type as 
shown In Fig. 1 is prefenred, particularly in the 

1 05 case of low flow rate nozzles, because such filters 
are capable of filtering fine solid particulate 
contaminants from the fluid. 

Turning now to the particular improvements of 
the present invention, the angled passages or 

1 1 0 orifices 46 in the tip portion 36 of the fluid 
distributor head 32 have been configured in a 
unique manner which has been found to avoid 
plugging from fine solid particulate contaminants 
in the fluid which have passed through any. 

115 upstream filters and where the nozzle is a low flow 
rate or capacity nozzle. These passages or orifices 
46, of which there are preferably two in number, 
on opposite sides of the tip to impart uniform swiri 
to the fluid iri chamber 28, are substantially 

1 20 smaller in cross-section in such low capacity 

nozzles than the longer angled passages which'are 
shown in the aforementioned Patent No. 
3,672,578. In fact they are so small that it is 
difficult to see them with the naked eye. This is 

1 25 because passages 46, like the longer angled 
passages shown in the aforementioned prior 
patent, not only induce swiri in the fluid, but they 
also meter the fluid so as to set the capacity or 
flow rate of the nozzle. Thus, for the higher flow 

1 30 rate or capacity nozzles, the cross-section of these 
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passages is greater and they are better able to 
accept and pass fine particulate solid 
contaminants which may pass through the filter 
64. However, as the cross-section of angled 
5 passages or orifices 46 is reduced to achieve the 
lower flow rates, it has been found that a funnel 
packing effect occurs when the nozzle flow rate 
reaches about 0.5 gallon per hour at 1 00 psi for 
No. 2 fuel oil. This funnel pacldng effect is similar 

10 to the plugging which occurs when particulate 
' materials are poured into a funnel. For example, if 
sugar is poured too rapidly into a funnel, the 
funnel will plug even though the individual grains 
of sugar are much smaller than the minimum 

1 5 cross-section of the funnel. In the present 

invention, It has been discovered that such funnel 
packing effect may be substantially reduced or 
eliminated altogether by carefully incorporating 
one or more of the following features in the 

20 passages or orifices 46. 

One important feature for avoiding plugging of 
the passages is to form the passages such that 
they are substantially rectangular in cross-section 
In a plane perpendicular to the axis of the fluid 

25 flow through the passages or orifices. That plane 
or cross-section is, in effect, the minimum cross- 
section which the solid particulate particles will 
see as they traverse the passage or orifice and, if 
the particle will wedge anywhere, it will most 

30 likely wedge at this location. By forming the 
passage of rectangular cross-section as shown in 
Fig. 6, the flow pattern of the fluid through the 
passage will still be substantially cylindrical in 
shape even though the passage cross-section has 

35 been squared, due to the fluid dynamics of flowing 
fluids. Thus, appreciable quantities of fluid still will 
not fill the corners of the rectangular flow passage 
as the fluid traverses the passage. For this reason, 
the fluid flow rate through the rectangular opening 

40 will remain essentially identical to the flow rate 
through a cylindrical passage having the same 
diameter as the minimum depth D and minimum 
width W of the rectangular passage as shown In 
Fig. 5. Thus, changing the shape of the passage 

45 will not markedly alter. the desired low flow rates 
even though the cross sectional area of the 
passage may have increased due to making it 
rectangular. 

An important result, however, which has been 

50 found to occur when the passage is made 
rectangular In cross-section is that the diagonal 
, distance between Its opposite comers Is increased 
over a similar circular cross-sectioned passage 
having a diameter equal to the width W and/or 

55, depth D of the rectangular passage. This increased 
distance enables contaminant particles C, as 
shown in Fig. 6, and which might have either 
individual or combined widths greater than the 
width W or depth D, to pass diagonally through 

60 the passage, rather than becoming wedged in the 
passage. 

A second important feature of the present 
invention is the discovery that there is a 
relationship between the minimum width W of the 
65 passage and the minimum depth D which Is least 
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likely to cause plugging. This relationship is that 
the ratio of the minimum width W of the passage 
to the minimum depth D, or vice versa, should be 
less than approximately 1 .5, and preferably on the 
70 order of 1 .0. Thus, it is preferred that the cross- 
section of the rectangular passage which the fluid 
sees is approximately square. If the ratio is greater, 
the likelihood of plugging will increase due to the 
relative narrowness of the passage in one cross 
75 sectional dimension for a given desired low flow 
rate. Conversely, an increase of the narrowest 
dimension to avoid plugging will result in higher 
flow rates and, therefore, resort cannot be had to 
the latter plugging solution where low flow rates 
80 are desired. 

As referred to herein, the minimum width W of 
the passage is the width as measured in the plane 
P as shown in Fig. 5, i.e., the width of the passage 
or orifice in the portion of the passage where it 
85 extends through the chamfer 40. It is in this 
portion of the passage where the passage is 
bounded on all four sides due to the contact of the 
chamfer 40 with the tapered wall of chamber 28 
in orifice disc 14. The depth D of the passage or 
90 orifice is the depth of the passage measured In the 
same plane and extending between the inner 
surface of the overlying orifice disc 14 which 
forms the fourth wall of the passage and the 
bottom wall of the passage in the area of the 
95 chamfer 40 as shown in Fig. 5. This depth is the 
minimum depth of the opening. 

It has been discovered that the length of the 
passage may also play an Important role in 
plugging. It has been found that increased length 

1 00 passages, such as shown in the aforementioned 
Patent No. 3,672,578, result in a drag or 
boundary layer effect In the fluid as it passes 
through the passage adjacent the passage walls. 
This boundary layer effect causes the fluid to slow 

105 adjacent the walls due to frictional drag and these 
slowed layers will Increase the likelihood of 
occurrence of the funnel packing effect due to 
piling up of the small solid particles, any one of 
which may be substantially smaller than the 

110 overall minimum cross-section of the passage or 
orifice. It has been found that reducing the length 
of the passage such that the ratio of the length L 
to the lesser of minimum width W and minimum 
depth D at the plane P to less than approximately 

115 2.0, and preferably about 1 ;0, substantially 
reduced the likelihood of such plugging. 

By way of example, fuel oil nozzles having a 
flow rate of about 0.5 gallons per hour at 1 00 psi 
of No. 2 fuel oil will reliably perform when the 

.120 features of the present invention have been 
Incorporated therein even though the minimum 
width W and minimum depth D of a pair of orifice 
openings, such as 46 shown in Fig. 1 , Is only 
0. 1 3 — 0. 1 5 mm. Even when the flow rate of the 

1 25 No. 2 fuel oil is reduced to 0.25 — 0.30 gallons per 
hour at 1 00 psi by reducing the slot width W and 
depth D to as little as 0.09 mm, the nozzles 
perform reliably without plugging. 

The angle a of the angled passages or orifices. 

1 30 as shown in Fig. 4, is not critical to the present 



4 



GB 2 076 696 A 4 



invention. The angle should not be zero, because 
such passage would be a straight through passage 
and no swirl would be imparted to the fluid. On the 
other hand, the angle should not be so great that 
5 the 1 .5 ratio of minimum width W to minimum 
depth D, or vice versa, will be exceeded. An angle 
a of about 1 5^1 6° Is preferred. 

Although two passages 42 and two passages 
46 have been shown, the number of passages 

1 0 may be varied without departing from the 

principles of the present invention. However, two 
of each such passages are preferred. In the case of 
passages 42, two passages, one on each side of 
the larger diameter portion 34, insures even 

1 5 distribution of the fluid to space 44. More than 
two passages would be equally operative, 
however, more expensive to machine. In the case 
of passage 46, two passages are also preferred, 
one on each of the tip portion 36, to insure that a 

20 uniform swirling motion is induced in the fluid in 
swirl chamber 28 just prior to the fluid exiting 
discharge orifice 26. More than two passages 
would require that the cross section of each of the 
passages would have to be further reduced to 

25 achieve the same low flow rate. Such further 
reduction in cross-section might increase the 
likelihood of plugging. 

It will also be understood that the embodiment 
of the present Invention which has been described 

30 is merely illustrative of an application of the 
principles of the invention. Other modifications 
may be made by those skilled in the art without 
departing from the spirit and scope of the 
invention. 

35 CLAIMS 

1 . An orifice for the passage of fluid which may 
contain solid particulates, said orifice comprising 
an opening which is substantially rectangular in a 
cross-sectional plane perpendicular to the axis of 

40 the fluid flow therethrough, said opening having a 
• ratio of minimum width to minimum depth, or vice 
versa, of less than approximately 1 .5, and a ratio 
of the length of the opening to the lesser of 
minimum width and minimum depth of the 

45 opening of less than approximately 2.0. 

2. An orifice of claim 1 wherein said 



substantially rectangular opening is substantially 
square in said cross-sectional plane. 

3. An orifice according to claim 1 or claim 2 
50 wherein said ratio of length to the lesser of 

minimum width and minimum depth is 
approximately 1 .0. 

4. An orifice according to any one of the 
preceding claims wherein the lesser of minimum 

55 width and depth of said opening does not exceed 
about 0.2 mm. 

5. An orifice substantially as herein described 
with reference to and as illustrated in the 
accompanying drawings. 

60 6. A fluid nozzle having a discharge orifice, a 
chamber for swirling fluid upstream of said 
discharge orifice and second orifice means for 
Introducing said fluid Into said chamber and for 
imparting swirl to said fluid, in which the second 

65 orifice means includes at least one opening 

therein which is smaller in cross section than said 
discharge orifice, said opening being substantially 
rectangular in a cross sectional plane 
perpendicular to the axis of the fluid flow 

70 therethrough, and said opening having a ratio of 
minimum width to minimum depth, or vice versa, 
of less than approximately 1 .5. 

7. A nozzle according to Claim 6 wherein said 
second orifice means includes two of said 

75 openings. 

8. A nozzle according to Claim 6 or Claim 7 
wherein said substantially rectangular opening is 
substantially square in said cross sectional plane. 

9. A nozzle according to any one of Claims 6 to 
80 8 wherein said ratio of minimum width to 

minimum depth, or vice versa, is approximately 
1.0. 

10. A nozzle substantially as herein described 
and as illustrated in accompanying drawings. 

85 11 . A method of metering fluid which may 
contain solid particulates comprising passing said 
fluid through an orifice or a nozzle as defmed in 
any one of the preceding claims. 

1 2. A method according to Claim 1 1 in which 
90 the fluid is fuel oil. 

1 3. A method according to Claim 1 1 
substantially as herein described with reference to 
the accompanying drawings. 



primed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa. 1981. Published by the Patent Office, 

25 Southampton Bundlngs, London, WC2A 1AY, from which copies nnay be obtained. 



